We introduce novel extensions of the Standard Model featuring a supersymmetric technicolor sector. First we consider N = 4 Super Yang-Mills which breaks to N = 1 via the electroweak (EW) interactions and coupling to the MSSM. This is a well defined, economical and calculable extension of the SM involving the smallest number of fields. It constitutes an explicit example of a natural supersymmetric conformal extension of the Standard Model featuring a well defined connection to string theory. It allows to interpolate, depending on how we break the underlying supersymmetry, between unparticle physics and Minimal Walking Technicolor. As a second alternative we consider other N = 1 extensions of the Minimal Walking Technicolor model. The new models allow all the standard model matter fields to acquire a mass.
Minimal Walking Technicolor and Supersymmetry
The Standard Model (SM) of particle interactions passes a large number of experimental tests. Yet we know that it cannot be the ultimate model of nature since it fails to explain the origin of matter-antimatter asymmetry and the abundance of cold dark matter. Several extensions of the SM have been proposed, and two stand out in the quest of a better theory: Supersymmetry and Technicolor.
The appeal of Supersymmetry (SUSY) resides in its higher level of space-time symmetries as well as in its often praised natural link to string theory. The most investigated route to introduce SUSY has been to supersymmetrize the SM and then invoke some mechanism to break SUSY again, given that no sign of the superpartners has yet been observed in experiments.
Technicolor declares the Higgs sector of the SM to be a low energy effective theory in which the Higgs is not elementary but composite. Electroweak symmetry breaking is triggered by a dynamical low energy condensate. The mechanism is automatically insensitive to high energy physics 1 . The main appeal of technicolor is that we have already encountered similar phenomena in nature: superconductivity is a time honored example while relativistic version is the spontaneous chiral symmetry breaking in the vacuum of the ordinary Quantum Chromodynamics (QCD). The earliest models of technicolor were found to have problems with the EW precision data. However, recent developments led to models that have been shown to pass the precision tests [4, 5] .
Technicolor predicts the existence of a tower of massive states whose mass is of the order of the EW scale, although pseudo-Goldstone bosons can be lighter. This fact naturally explains why we have not detected technicolor yet. To give masses to the SM fermions one must, however, resort to another unknown sector, usually defined only in the low energy limit by an effective theory. In this work we consider a supersymmetric theory. One motivation for this is that we can use fundamental scalars to either transmit spontaneous symmetry breaking to the SM fermion sector, or even to drive electroweak symmetry breaking.
The supersymmetric technicolor idea was put forward in [6] , though the phenomenological viability of early models seemed difficult to achieve. An important difference with our models is that the underlying supersymmetric and technicolor theories, which can be resumed by decoupling either the technicolor fields or the superpartners, are both phenomenologically viable 2 . These underlying theories are, respectively, the minimal supersymmetric standard model (MSSM) and the minimal walking technicolor (MWT) model [4, 5, 7] . Also, we are not aiming at breaking supersymmetry dynamically.
In MWT [2] the gauge group is SU (2) T C × SU (3) C × SU (2) L × U (1) Y and the field content of the technicolor sector is constituted by four techni-fermions and one technigluon all in the adjoint representation of SU (2) T C . The model features also a pair of Dirac leptons, whose left-handed components are assembled in a weak doublet, necessary to cancel the Witten anomaly [8] arising when gauging the new technifermions with respect to the weak interactions. Summarizing, the fermionic particle content of the MWT is given explicitly by
The following generic hypercharge assignment is free from gauge anomalies:
The global symmetry of this technicolor theory is SU (4), which breaks explicitly to SU (2) L × U (1) Y by the natural choice of the EW embedding [4, 5] . EWSB is triggered by a fermion bilinear condensate and the vacuum choice is stable against the SM quantum corrections [9] . The supersymmetric version of MWT depends on the hypercharge parameter y. For y = ±1, one can construct an approximately N = 4 supersymmetric technicolor sector, which is broken down to N = 1 SUSY only by EW gauge and Yukawa interaction terms. We build the model in section 2 and name it Minimal Supersymmetric Conformal Technicolor (MSCT). We study it briefly in two different regimes to understand the main constraints and challenges.
In section 3 we consider other N = 1 supersymmetric extensions of MWT and two specific choices of the hypercharge of the technifermion matter. We call this extension Minimal Supersymmetric Technicolor (MST). This extension is less economical than the MSCT in the number of fields needed but has other interesting properties such as the presence of a gauge singlet superfield, which can be used to solve the µ problem of the MSSM, and a Higgs scalar candidate already within the spectrum of MWT superpartners.
The basic properties of the models we are about to introduce are:
• The models are supersymmetric. Thus low energy physics is not sensitive to high energy physics and we call the models natural.
• Supersymmetry is broken softly.
• The particle contents are given by that of the MSSM (including its two Higgs fields) plus the supersymmetric technicolor sector.
• The models can interpolate between different extensions of the SM at the TeV scale, such as unparticle [10, 11] , MWT [4, 5] , and MSSM (see [12] for a review).
• The models are complete theories in which electroweak symmetry breaking (EWSB) is triggered either by a dynamical fermion condensate or by the non-zero vacuum expectation value (vev) of an elementary scalar. Electroweak symmetry breaking is transmitted to the SM fermion sector via elementary scalars.
• The models can possibly solve the µ problem, or the flavor-changing and CP-breaking problems of the SUSY breaking sector within MSSM.
• The MSCT model possesses an approximate N = 4 supersymmetry, and can be viewed as a N = 4 sector coupled to the MSSM.
• The MSCT model possesses a clear and direct link to string theory in such a way that AdS/CFT techniques [13] are readily applicable to realistic extensions of the SM.
Other possibilities of giving masses to standard model fermions within MWT have been considered in the literature earlier. An explicit construction of an extended technicolor type model appeared in [7] . A less natural model introducing a scalar (bosonic technicolor) mimicking the effects of the extended technicolor interactions has also been introduced in [14, 15] following the pioneering work of Simmons [16] , Kagan and Samuel [17] , and Carone [18, 19] . More recently this type of models have been investigated also in [20, 21, 15] . Interesting related work can be also found in [22, 23, 24, 25, 26, 27, 28, 29] .
Minimal Supersymmetric Conformal Technicolor (MSCT)
To build the supersymmetric technicolor theory we must supersymmetrize the additional technicolor sector, given by MWT, and also the standard model. We start by noting that the fermionic and gluonic spectrum of MWT fits perfectly in an N = 4 supermultiplet.In fact the SU (4) global symmetry of MWT is nothing but the well known SU (4) R R symmetry of the N = 4 Super Yang-Mills (4SYM) theory. Having at hand already a great deal of the spectrum of 4SYM we explore the possibility of using this theory as a natural candidate for supersymmetric technicolor. For the reader's convenience we have summarized the 4SYM Lagrangian in terms of the N = 1 superfields, and in elementary field components in Appendix A. We refer to this appendix for the basic properties of the 4SYM theory, Lagrangian and notation.
We gauge part of the SU (4) R global symmetry of the supersymmetric technicolor theory in order to couple the new supersymmetric sector to the weak and hypercharge interactions of the SM. We choose to do this in such a way that the model can still preserve N = 1 SUSY. To this end one of the four Weyl technifermionsŪ R ,D R , U L , D L is identified with the techni-gaugino and should be a singlet under the SM gauge group. The only possible candidates for this role areŪ R andD R , for y = ∓1 respectively: we arbitrarily choose y = 1 and identifyD R with the techni-gaugino. With this choice the charge assignments of the technicermions (
Based on these assignments we then define the scalar and fermion components of the N = 4 superfields via
where we used a tilde to label the scalar superpartner of each fermion. We indicated with Φ i , i = 1, 2, 3 the three chiral superfields of 4SYM and with V the vector superfield. Four more chiral superfields are necessary to fully supersymmetrize the MWT model, i.e.:
As one can see from the spectrum in Eq.(2.1) there is no scalar field that can be coupled to SM fermions in a gauge invariant way and play the role of the SM Higgs boson (a weak doublet with hypercharge Y = ± 1 2 ). We therefore introduce in the theory two Higgs doublet superfields with respective charge assignment 4) where the presence of both Y = ± 1 2 superfields is needed to give mass by gauge invariant Yukawa terms to both the upper and lower components of the weak doublets of SM fermions. With this choice it is rather natural to take the MSSM to describe the supersymmetric extension of the Higgsless SM sector.
Thus the model's full particle content is given by that of the MSSM and the new technicolor fields and their superpartners. All the MSSM fields are defined as singlets under SU (2) T C . The resulting MSCT model is naturally anomaly-free, since both the MWT and the MSSM are such. We summarize in Table 1 the quantum numbers of the superfields in Eqs.(2.2,2.3,2.4). The renormalizable superpotential for the MSCT, allowed by gauge invariance, and which we require additionally to be N = 4 invariant in the limit of g T C much greater than the other coupling constants and to conserve baryon and lepton numbers 3 , is 5) where P M SSM is the MSSM superpotential, and
Relaxing the requirement of N = 4 invariance, the coefficient of the first term would be a general Yukawa y T C . We have investigated the running of such a coupling and we found that it tends towards g T C at low energies [30] , which also confirms the result of [31] . This justifies our choice to set it equal to the technicolor gauge coupling itself.
One of the interesting general features of the MSCT spectrum is the existence of a supersymmetric fourth family of leptons. The MWT predicts the natural occurrence of a fourth family of leptons around the EW energy scale, put forward first in [5] . The physics of these fourth family of leptons has been studied in [32, 33] . From the EW point of view there is little difference between the MWT and a fourth-family extended SM at the EW scale. Since the MSCT is a supersymmetrized version of the MWT the former now features, besides the techniquarks, a natural super 4th family of leptons awaiting to be discovered at colliders, albeit with more exotic electric charges: the new electron will be doubly charged [34] .
The MSCT Landscape
Many features of the spectrum depend on which part of the MSCT parameter space one chooses to study. The MSCT allows model builders to investigate a number of inequivalent extensions of the (MS)SM. These inequivalent extensions are determined by the choice of the value of the coupling constant g T C of the supersymmetric technicolor sector near the EW scale as well as by the vacuum choice permitted by the flat directions and by the SUSY breaking pattern.
It is not possible to exhaust in this work all the possibilities and, hence, we limit ourselves here to introduce the idea and the basic features. We identify two basic regimes, which both have to be augmented with soft SUSY breaking: First, the perturbative one, in which the supersymmetric technicolor coupling g T C is sufficiently small allowing the new sector to be treated in perturbation theory and denote this model with pMSCT. Second, we discuss the case in which the supersymmetric technicolor is strongly coupled and we will denote it as sMSCT. Each specific model deserves to be studied on its own and some of these models will be investigated in more detail in future publications.
A third regime, which we will not discuss further in this paper, is if SUSY is not broken and the supersymmetric technicolor dynamics is strongly coupled at the EW scale. Then we must use non-perturbative methods to investigate the effects of the new sector on the MSSM dynamics and vice versa. For example, we can no longer use the single particle state interpretation in terms of the underlying degrees of freedom of the supersymmetric technicolor model but rather must use an unparticle language given that the supersymmetric technicolor model is exactly conformal, before coupling it to the MSSM. The model resembles the one proposed in [35] in which, besides a technicolor sector, one has also coupled a natural composite unparticle composite. If no SUSY breaking terms are added directly to the 4SYM sector then conformality will be broken only via weak and hypercharge interactions. An important further point is that one can use the machinery of the AdS/CFT correspondence to make reliable computations in the nonperturbative sector, considering the effects of the EW interactions as small perturbations.
Perturbative MSCT (pMSCT)
The simplest case to consider is the one in which the new sector is weakly coupled at the EW scale and can be treated perturbatively. In this case the spectrum of states, which can be observed at the EW scale, is constituted by the elementary fields introduced in (2.2) and (2.3), plus the MSSM ones. The detailed mass spectrum depends on the structure of the SUSY breaking terms and on the corrections induced by the EW symmetry on the supersymmetric technicolor sector.
The spectrum is rich with several novel weakly coupled particles, such as the new techni-up and techni-down, and their respective superpartners, which can emerge at the LHC. The superpartners will be similar to ordinary squarks but will carry technicolor instead of color. The weak processes involving the production of squarks at colliders should be re-investigated to take into account the presence of these new states; in this paper we carry out a basic analysis of the masses of fermion states.
We note that assigning a nonzero vev only to the Higgs scalars does not generate a mass for the neutralino D L . Since it couples to the Z, a massless D L would have been already observed at LEP. To fix this, one can break
EM by assigning a nonzero vev to the techni-HiggsD L . Then, due to the Yukawa coupling generated by the first term in the superpotential, Eq.(2.6), the neutralino D L becomes massive after symmetry breaking. Thus electroweak symmetry breaking is driven by the negative mass squared ofD L ,H andH 4 .
With the above vacuum condensates the electroweak gauge group breaks down to electromagnetism and simultaneously the technicolor gauge group down to U (1) T C . The phenomenological constraints on a new U (1) massless gauge boson were studied in [36] . The lower limits on the scale of dimension six operators with SM fields and the new massless photon are in the TeV range.
We choose the vacuum expectation value (vev) of the techniscalar to be aligned in the third direction of the SU (2) T C gauge space. We define the vevs:
where all the vevs are chosen to be real, s β = sin β, and c β = cos β. After EWSB the mass terms of gauge bosons are written as a function of the mass eigenstates as:
where
The ± exponent of the techni-gluon refers to the U (1) T C charge, while the ± exponent on the EW gauge bosons refer to the usual EM charge. We see the electroweak scale is set by
The remaining, massless states are the techni-photon and the EW photon:
Focusing on the fermion spectrum, the lower bounds on the mass of the lightest neutralino and chargino are [37] :
(2.12)
These limits refer to the MSSM, but are rather general, since they are extracted mostly from the Z decay to neutralino-antineutralino pair for the former, and from photoproduction of a chargino-antichargino pair at LEPII for the latter. We can therefore assume these limits to hold also for the MSCT. Because of their generality and independence from the coupling strength (as long as it is not negligible), we use the lower bound on the chargino mass also for the mass of the doubly-charged chargino E. Note that the presence of the term proportional to y R in the superpotential, Eq.(2.6), allows it to decay into singly charged ordinary particles, thereby escaping cosmological constraints on charged stable particles.
The techni-gauginoD 3 R is an EW singlet fermion with zero charge under U (1) T C and therefore plays the role of a sterile right-handed neutrino, which can be very light. Because the mass of the lightest techineutralino is a decreasing function of the mass ofD 3 R , we can assume the soft SUSY breaking mass M D of the techni-gaugino to be small. This assumption turns out to be phenomenologically favored.
Other useful limits on the parameters are obtained by using the fact that the smallest eigenvalue of a semi-positive definite square matrix is smaller or equal to any eigenvalue of the principal submatrices. By using the neutralino, chargino, and doubly charged chargino mass matrices, we get for example
(2.13) where the subscript t refers to the top quark and m cc is the doubly charged lepton mass. One of the most important inequalities is y t > 173 213
(2.14)
This last bound is plotted in Figure 1 , where the shaded area shows the values of y t and y E excluded by the experiment: it is evident that either y t or y E is constrained to be larger than about 1.3. Still in [30] the present authors have shown, by calculating the two loops beta functions of the MSCT couplings, that even for larger values the Yukawa couplings flow to a UV fixed point or decrease asymptotically to zero. The theory therefore allows in principle phenomenologically viable fermion masses while being UV safe. The scalar sector and other phenomenological constraints are studied in more detail in [30] .
Strong MSCT (sMSCT)
In this section we study the MSCT model in the regime where it looks like MWT. There are two essential differences from pure MWT. First, the soft supersymmetry breaking 5 parameters introduce additional scales that must have some hierarchy: the technisquarks Second, the model includes sources of explicit SU (4) R breaking: the up-type techniquark Yukawa coupling, and the techni-gaugino mass. The latter term explicitly breaks the SU(2) custodial symmetry, which usually guarantees that the electroweak parameter T [38] is small in technicolor models. We will instead find a negative contribution that can, however, be offset within MSCT by the new leptons. These terms will also cause the structure of the vevs to be different from pure MWT.
Lifting the soft supersymmetry breaking scale of the MSSM sector, denoted by Λ, alleviates the flavor-changing and CP breaking problems of the usual MSSM. We now provide a simple estimate for this scale, and therefore for the masses of the MSSM superpartners. In terms of the Yukawa coupling y U introduced in Eq. (2.6), the vev of the up-type Higgs is given by
Here everything is renormalized at the scale Λ. The condensates at different scales are related via the anomalous dimension γ, which is assumed to be constant between the electroweak scale, v, and Λ:
Thus the top mass, renormalized at the scale Λ, is given by
We assume this form still holds at the electroweak scale and estimate the Yukawa couplings as O(1). Thus we obtain an estimate
Using example values γ = 0.5 . . . 1.5 results in Λ ∼ 10 4 . . . 10 6 GeV. Assuming Λ is very large, the particle spectrum between the electroweak scale and Λ becomes that of MWT, but the effective Lagrangian contains four-fermion interactions induced by decoupling the technisquarks and the Higgs. These four fermion interactions can give O(100%) corrections to the size of γ estimated in pure MWT [39, 40, 41, 42, 43] , exactly as in extended technicolor [44] , justifying the range of γ above.
In this large Λ scenario, EWSB is solely due to the technicolor sector, and the MSSM Higgs only transmits EWSB to the fermion sector. Since quantum corrections to the Higgs mass are proportional to the largest scale of non-SUSY physics, and the Higgs mass is assumed to be of the same order, those corrections are O(1) and technicolor therefore solves the little hierarchy problem. Additionally, the µ problem of the MSSM is relaxed, since µ is not constrained anymore by the narrow range of values allowing a vev for the Higgses: this clearly opens up the parameter space that is severely constrained in the MSSM [45] . Furthermore, heavy masses for the colored scalars and the gluino, as required by the latest experimental lower bounds from the CMS [46] and ATLAS [47] collaborations, are not problematic in this limit of MSCT.
The MWT has already been shown to pass many experimental tests [4, 5] , and with the additional Higgs scalars, it should be possible to generate even the mass of the top quark. Thus in this first study of sMSCT we mainly want to find the effects of the explicit SU (4) R symmetry breaking on the vacuum structure of the theory. This is a salient feature independent of the decoupling scales of the Higgs scalars. To do this task we simply decouple the technisquarks, and build the effective theory at the electroweak scale. The techniquarks form an SU(4) R fundamental multiplet 19) transforming under g ∈SU(4) R as η → gη. The low energy effective Lagrangian of MWT is introduced in detail in [48] . It is described in terms of the composite field
which transforms under SU(4) R as M → gM g T . The field M is the only technicolor-singlet spinless field made out of two techniquarks. From the technicolor perspective, we have a technicolor theory with full ultraviolet completion. Thus the ad hoc L ET C Lagrangian of [48] takes a definite form dictated by the symmetry breaking structure. We apply the spurion technique for this purpose. We begin by finding the spurion fields with hypothetical transformation properties that make the high energy Lagrangian fulfill the largest possible global symmetry. Writing terms in the effective Lagrangian with the lowest number of these spurion fields then encodes the explicit symmetry breaking correctly, if we can assume the explicit symmetry breaking to be small.
The Yukawa coupling of the technifermions to the up-type Higgs can be written in terms of the η fields as
where Y (H U ) = 1/2, the dot product on the left hand side denotes contraction with αβ , andH
In order to preserve the SU(4) symmetry the spurion must transform as Y → g * Y g † . We must also take into account the soft SUSY breaking mass of theD R gaugino. We have
transforms under SU(4) R as X → g * Xg † . The lowest order contributions to the effective Lagrangian are 25) where c i are dimensionless unknown low energy constants and v w is the electroweak scale, arising for dimensional reasons. These terms break the SU(4) R down to SU(2) L × U(1) Y guaranteeing a mass for all unwanted Goldstone modes. Thus the full Lagrangian is
where the covariant derivative is introduced in [48] and
The minimum of the potential determines the vacuum structure. The full set of minimum equations is given by minimizing V = V M + V MSSM with respect to all scalars,
where i runs over all the scalar fields and each field is set to its vev after the derivative has been taken. We search for a CP-conserving electromagnetically neutral vacuum:
The minimum gives us six independent equations, meaning that all the parameters v 1 ...v 4 , v u , and v d are needed. By studying the potential, we find that the spurion X tilts the potential in the v 4 direction, forcing v 4 and also v 2 to be nonzero. In other words, either all v 2 , v 4 and M D are zero, or they are all nonzero.
To give an explicit but simple solution to the minimum equations (2.28), we note that if M D is small, we can consider the limit v 2 = v 4 = 0 as an approximate solution. Therefore we set M D = v 2 = v 4 = 0, and solve Eq.(2.28) with respect to the remaining vevs. In the limit of large Higgs squared masses and small v H = v 2 u + v 2 d we find
It is clear the non-zero vev of the MSSM Higgses is solely caused by the linear interaction term with the technimeson field M . Moreover, the value of v H is roughly proportional to the ratio v w /m H (when v 1 ∼ v w ), and therefore for an extremely heavy Higgs scalar we find the expected behavior, with the vev v H becoming negligible.
The oblique corrections S and T [38] are defined as 
These lead to a tree-level contribution to T :
By using the most recent experimental data [49] , T = 0.03 ± 0.11, we find
This limit does not take into account the one-loop perturbative contribution of the new leptons. These give generically a positive contribution to T [50] ,
This can offset the contribution (2.34). For example considering m E = 550 GeV, m N = 470 GeV, and v 2 = 7 GeV gives T tree + T lepton = 0.005. The intrinsic contribution of the technicolor sector to the S parameter has been estimated by calculating the one loop contribution of heavy techniquarks. This so-called naive estimate gives for MWT S naive 1/2π. The new leptons also give a perturbative contribution to S [50] . It is interesting to note, that with all these contributions combined one can actually fit the electroweak data very well for any value of the lightest Higgs mass. This is seen from Fig. 2 , where we have not included the effects of v 2 which would offset the base point of the parabola to negative values of T. The ellipses represent the 90% confidence region for the S and T parameters, and are obtained, from lower to higher, for a reference Higgs mass of 117 GeV, 300 GeV, and 1 TeV, respectively. The contribution from the MSCT theory as function of the N and E lepton masses is expressed by the green region, with m Z m N,E 10m Z and assuming v 2 = 0.
Minimal Supersymmetric Technicolor (MST)
A more straightforward supersymmetrization of the MWT can be obtained simply adding a superpartner for each particle in Eq.(1.1) and for the techni-gluon G. We call the resulting model Minimal Supersymmetric Technicolor (MST). This model features the most economical supersymmetric extension of MWT for the generic anomaly-free hypercharge assignment of Eq. (1.2) . The only new Weyl fermion among the techni-superpartners is the techni-gaugino, and it does not introduce new anomalies.
We define the chiral superfields:
all transforming according to the adjoint representation to the SU (2) T C gauge group, and the gauge superfield
The heavy lepton superfields are defined in Eq.(2.3). We choose to introduce in the theory the two Higgs superfields whose charges are defined in Eq.(2.4), though for some value of y this is not the minimal choice 6 . The superpotential of the theory is also dictated by the value of the hypercharge parameter y in Eq.(1.2), since the gauge invariance of a generic term in the superpotential depends on the hypercharge assignment. We find the models obtained for y = ±1, ± 1 3 , particularly appealing, since for these values of y it is possible to write mass and Yukawa terms involving only the superfields in Eq.(2.3) and Eq.(3.1), which are less constrained by the experiment than new terms involving also SM fields.
The MST Superpotential for y = 1
Requiring gauge invariance as well as B and L numbers conservation for y = 1 we find the superpotential
where a = 1, 2, 3 is the SU (2) T C gauge index and where we suppressed the family index k, as we do for the rest of the paper. In contrast to the pMSCT case, D now naturally acquires a mass term. We expect therefore the parameter space of the y = 1 MST to be less constrained by experiment than that of the MSCT. The superpotential for y = −1 is similar to the y = 1 case and we do not present it here.
The MST Superpotential for y = ±1/3
For y = ± 1 3 the MST features both a gauge singlet and a Higgs candidate (with corresponding hypercharges ± 1 2 ): the gauge singlet can be used to solve the MSSM µ problem in an NMSSM fashion, while the Higgs candidate can be used in principle to reduce further the particle content of the theory. Indeed for y = − 1 3 we could identify the Higgs superfields H with Λ and H with l (a generic MSSM leptonic weak doublet superfield). The experiment, though, constraints the value of the Yukawa couplings to such Higgs scalars to be very small, since the corresponding terms violate L number. The resulting mass spectrum would be too light to be viable. We will therefore present the model with y = − 1 3 which includes both the H and H .
We start with the hypercharge assignment given by y = , that corresponds to that of a SM family (assuming that that includes also a right-handed neutrino):
Following the notation of Eq.(2.5) we write the extension of the MSSM superpotential as
where q i is the chiral superfield associated with the i-th component of the SM quark weak doublet (the family index k has been suppressed), while the chiral superfield d contains the SMd R quark. We can add to the previous equation the lepton number violating terms 7
Notice that the term proportional to m N in Eq.(3.5) and that proportional to y n in Eq.(3.6) generate the terms required to give mass to the neutrino in a natural way by the seesaw mechanism, allowing y n to be of the same order as the other Yukawa coupling constants. The hypercharge assignment for y = − 1 3 is equal to minus that of a SM family (including a right-handed neutrino):
The corresponding B and L number conserving superpotential is
where the fermionic component of the chiral superfield u is the SM quarkū R . The lepton number violating terms include also mass-mixing terms obtained coupling techni-singlet and MSSM leptonic superfields with opposite hypercharges. These are in addition to a number of Yukawa terms. The latters arise as a direct consequence of l and Λ having the same charge assignments as H and H. We can now add to P M SSM also the superpotential 9) where the terms proportional to y n and y n allow, together with that proportional to m E in Eq.(3.8), to solve the neutrino mass naturalness problem by the seesaw mechanism.
Conclusions
We have presented novel extensions of the SM featuring an N = 4 or N = 1 supersymmetric technicolor sector. These models are minimal and direct supersymmetric generalizations of the MWT model. We started from the observation that the MWT model has the same degrees of freedom as the N = 4 supermultiplet, except for the absence of the six real scalars. Following this trail we added the six scalars and constructed an extension of the SM naturally featuring a supersymmetrized version of MWT. In the MSSM we then embedded the N = 4 supersymmetric technicolor sector in such a way that the extended SUSY is broken to N = 1 only via EW gauge and Yukawa interactions. Since the original MWT model contains also a natural 4th family of leptons, needed to cure the topological Witten anomaly, we introduced in the theory also a 4th family of lepton superfields. We then constructed the superpotential for the full theory and provided the Lagrangian in terms of superfields as well as the corresponding elementary field components. The resulting model was termed in short MSCT.
Depending on the way SUSY breaks, the value of the technicolor coupling constant around the EW scale, and the value assumed by several other couplings, one may investigate several different physical scenarios ranging from ordinary technicolor to unparticle models as well as perturbative extensions. We considered the basic features of the perturbative and the technicolor-like regimes of MSCT. We found that in the perturbative regime, the Yukawa couplings are required to be large. This though does not represent a problem since the present authors have shown in [30] , by calculating the beta functions at two loops, that the the Yukawa couplings flow either to a UV fixed point or to zero, and therefore that MSCT is UV safe. In the strong regime, we found a tree-level contribution to T , that can be offset by the perturbative one-loop contribution of the new leptons.
Since the new sector coupled to the MSSM is conformal, one can use AdS/CFT methods when the supersymmetric technicolor coupling constant is taken to be large. Besides, the model can benefit from, and provide motivation for, lattice studies of N = 4 SUSY (see [51, 52, 53] for recent interesting lattice investigations).
For completeness we have also considered the case in which the MWT supersymmetric technicolor extension is directly an N = 1 gauge theory, the MST. Here more fields than in the case of the MSCT are needed. We constructed the superpotential for several choices of the hypercharges of the technifields.
A. N = 4 Super Yang-Mills: Notation and Lagrangian
The N = 4 supersymmetric Lagrangian for an SU (N ) gauge theory can be written in terms of three N = 1 chiral superfields Φ i , i = 1, 2, 3 and one N = 1 vector superfield V , all in the adjoint representation of SU (N ). The superpotential for this Lagrangian reads (see [54] and references therein)
where g is the gauge coupling constant, and f abc the structure constant. This superpotential is invariant under SU (3) transformations over the flavor index. The full Lagrangian is indeed invariant under SU (4) transformations because the N = 4 SUSY algebra is invariant under the same transformations of the supercharges. Following the notation of Wess and Bagger [55] we write
and with Φ i having gauge components Φ a i . In terms of the component fields Eq.(A.2) can be expressed as
Here λ is the gaugino, while ψ i and φ i are respectively the fermionic and scalar component of Φ i . To make explicit the SU (4) R-symmetry of the Lagrangian the following change of variables provides useful:
The symmetry of the Lagrangian can be made manifest by rewriting Eq.(A.4) as
Under SU (4) ϕ a transforms as a 6, η a as a 4, and A a µ as a 1, leaving the Lagrangian in Eq.(A.7) unchanged.
B. MSCT Lagrangian
The Lagrangian of a supersymmetric theory can, in general, be defined by
where the labels refer to the kinetic terms, the Yukawa ones given by gauge and superpotential interactions, the D and F scalar interaction terms, and the soft SUSY breaking ones. All these terms can be expressed in function of the elementary fields of the theory with the help of the following equations:
3)
where i, l run over all the scalar field labels, while j runs over all the gauge group labels, and a, b are the corresponding gauge group indices. Furthermore, we normalize the generators in the usual way, by taking the index T (F ) = with R here referring to the representation (F =fundamental). The SUSY breaking soft terms, moreover, are obtained by re-writing the superpotential in function of the scalar fields alone, and by adding to it its Hermitian conjugate and the mass terms for the gauginos and the scalar fields. We refer to [12] and references therein for the explicit form of L M SSM in terms of the elementary fields of the MSSM, and focus here only on L T C . The kinetic terms are trivial and therefore we do not write them here. The gauge Yukawa terms are given by 
whereW k andB are respectively the wino and the bino, σ k the Pauli matrices, i, j = 1, 2; k, a, b, c = 1, 2, 3; and the hypercharge Y p is given for each field χ p in Table 1 .
The D terms are given by In these equations the D k L,M SSM and D Y,M SSM auxiliary fields are assumed to be expressed in function of the MSSM elementary fields [12] . The rest of the scalar interaction terms 8 is given by The corresponding MSSM auxiliary fields F can be found in [12] and references therein. Also, in the Eqs.(B.10,B.11) we usedH andH to indicate the scalar Higgs doublets, for consistency with the rest of the notation where the tilde identifies the scalar component of a chiral superfield or the fermionic component of a vector superfield. The remaining Yukawa interaction terms are determined by the superpotential, and can be expressed as The soft SUSY breaking terms, finally, can be written straightforwardly starting from the superpotential in Eq.(2.6), to which we add the techni-gaugino and scalar mass terms as well: 
